Clinicians seem to enjoy describing associations between diseases, abnormalities, and features in patients they have examined. Indeed the recognition of such links is an understandable consequence of good observational powers allied to thoughtful consideration of accumulated experience and data. As mitral valve prolapse1-4 is now recognised as a fairly common clinical entity3-8 it comes as no surprise to find that a substantial number of published reports has accumulated linking it with a variety of other clinical conditions. With echocardiographically demonstrable mitral valve prolapse recently documented in one large study in the Eastern part of the United States in 5% of a total of 4967 people with technically adequate echocardiograms,9 we can expect that chance occurrence of mitral valve prolapse with other disorders will not be too infrequent. 3 It is the purpose of this editorial to consider the reported associations and, with an awareness of the possibility of casual coincidence, categorise the associations according to pathophysiological mechanisms wherever possible.
Screening
Although there are certain auscultatory features characteristic of mitral valve prolapse,2-4 10 there is a subjective element and considerable interindividual variation in what is heard through the stethoscope, and surveys of the prevalence of mitral valve prolapse could not depend on auscultatory criteria. In addition, silent mitral valve prolapse is not rare,3 10-12 and non-ejection systolic clicks can be heard without echocardiographically demonstrable mitral valve prolapse.3 10 The direct but non-invasive visualisation of excessive systolic bulging of the mitral leaflets by echocardiography has been the key to the widespread diagnosis of the condition3 13 14 and it is on echocardiographic data that surveys of the prevalence of Requests for reprints to Dr Alasdair D Malcolm, Airedale General Hospital, Steeton, Keighley, West Yorkshire BD20 6TD. mitral valve prolapse are largely based.3 [5] [6] [7] [8] [9] [10] Nevertheless, the distinction between mitral valve prolapse and certain movements of the mitral valve that may be normal is imprecise, 13 and some investigators may even have been overdiagnosing prolapse. ' 5 Moreover, in some subjects it may be a variant of normal'6 and present only at certain times of life. 9 M mode echocardiography will not detect mitral valve prolapse in a significant percentage of subjects shown by angiography to have mitral valve prolapse or with auscultatory signs of the conditions3 10 11 17 18 because of the limited view it affords of mitral valve motion.'3 14 17 18 False positive patterns of mitral valve prolapse can also be found,3 131718 but this is much less of a problem than the false negatives. Cross sectional echocardiography undoubtedly provides better spatial orientation and ease of determining the mitral annular plane than the M mode method and should now be considered the standard for diagnosis. 13 '4 "7- '9 It is more sensitive than M mode and highly specific,'7-'9 and the sensitivity can be enhanced by using selected combinations of echocardiographic signs.19 Doppler echocardiography can detect associated mitral regurgitation but a mid to late systolic flow signal posterior to the mitral valve may be indicative of blood movement within the prolapsed leaflet'8; more work is needed to discover the true value of duplex imaging with range gated Doppler flow detection in the assessment of and screening for mitral valve prolapse.
All surveys of the prevalence of mitral valve prolapse that have relied primarily on M mode echocardiographic criteria must be considered as likely to have underestimated the prevalence and we should now require data derived from cross sectional 354 voluminous leaflets are structurally abnormal with myxomatous degeneration and disruption of the pars fibrosa, and there is dilatation of the mitral annulus. 3 20-27 There is evidence of an abnormality of collagen.23 2628 The dissolution or dysgenesis of collagen in the continuous complex of pars fibrosa and chordae appears to be the basic mechanism responsible for the ballooning of the mitral leaflets.4 It remains uncertain, however, as to whether the fundamental problem is a dyscollagenosis26 or whether the collagen abnormalities and superimposed glycosaminoglycan infiltration giving the tissue its myxomatous appearance can develop in a valve that originally was structurally and histologically normal but for some reason prolapsed and thereby altered the magnitude and distribution of mechanical forces acting on the leaflet, annulus, and chordae.23 26 28 29 The chordal deficiencies described by Becker and de Wit as being very common in mitral valve prolapse and relatively uncommon with normal non-prolapsing mitral valves30 may also render the leaflets more vulnerable to mechanical damage.
This general pattern of abnormality in prolapsing mitral valves that become available for pathological examination, either by surgical excision because of severe mitral regurgitation requiring valve replacement or by death and subsequent necropsy, cannot be assumed to be the norm in all cases of mitral valve prolapse. The Framingham study data have provided powerful evidence that echocardiographic mitral valve prolapse can be a transient phenomenon at a certain stage in life, at least for women. 9 The prevalence of mitral valve prolapse (by M mode echocardiography screening, with cross sectional echocardiography for confirmation in more than 90% of subjects) declined progressively for successive decades from 16-90/o for women in their twenties through 12-2% in their forties and 4-4% in their sixties to 1.4% for women of 80 years and older. In contrast, the prevalence among men showed no particular age related trend and averaged about 3%. It seems unlikely that structural abnormalities would be present in the mitral valves of a significant proportion of younger women and similarly unlikely that these would be remedied in most as they get older. Rather, we should look to factors beyond the mitral valve itself, and age related changes in left ventricular size, shape, or wall movement may be part of the explanation.
In evaluating possible associations between mitral valve prolapse and various disorders we must bear in mind that an echocardiographically prolapsing mitral valve is not necessarily abnormal in any way13 14 Mitral prolapse associated with other disorders prophylaxis for secundum atrial septal defect with mitral valve prolapse and late systolic or pansystolic murmurs.3 Perhaps it would be prudent to follow the same guidelines for secondary mitral valve prolapse in ischaemic heart disease.37
Association with congenital heart disease Secundum atrial septal defect is the commonest reported association, as discussed in the previous section, but there are a variety of other congenital cardiac abnormalities in which an association with mitral valve prolapse has been claimed.3 37 A retrospective study of M mode echocardiograms from 120 adults with congenital heart disease revealed mitral valve prolapse in nine of 32 (28%) patients with secundum atrial septal defect, in none of five with primum atrial septal defect, in 10 of 25 (40%) with ventricular septal defect, in five of seven (71%) with persistent ductus arteriosus, in three of five (60%) with tetralogy of Fallot, in five of 15 (33%) with pulmonary stenosis, in two of 14 (15%) with left ventricular outflow obstruction, in two of three (67%) with Ebstein's anomaly, and in four of 14 (29%) with miscellaneous other defects.33 Among 45 children with M mode echocardiographically demonstrated mitral valve prolapse there were three cases of ventricular septal defect, one of persistent ductus arteriosus, and two of hypertrophic obstructive cardiomyopathy. 39 Pathological studies have provided some interesting data in respect of ventricular septal defect and Ebstein's anomaly. Among 112 hearts with isolated ventricular septal defect collected over a 30 year period and restudied specifically for gross and microscopic (significant thickening of the spongiosal layer and invasion and disruption of the fibrosa by the spongiosa) evidence of mitral valve prolapse there was an overall incidence of the condition of 18%. 40 There was no significant difference in the incidence of mitral valve prolapse for the three age groups (<1 year, 1-16 years, and 17-91 years) considered. Spongiosal invasion of the fibrosa was fully developed by 3 months of age, and there was no evidence that the incidence or severity of spongiosal invasion increased between the ages of 3 months and 88 years. In no patient was the mitral valve prolapse considered to be the cause of death. Complications of the prolapse in terms of ruptured chordae, endocarditis, mitral regurgitation, and fibrin deposits at the mitral valve-left atrial angle occurred at approximately the same frequency as that reported in necropsy studies of isolated mitral valve prolapse. In the specimens with prolapse 63% also had similar involvement of the tricuspid valve, 16% of the pulmonary valve, and 5% of the aortic valve. In a separate study the hearts obtained at necropsy from 10 patients with Ebstein's anomaly of the tricuspid 355 valve were examined for mitral valve prolapse and the condition was found in none of five hearts from patients aged 1 day to 10 months but in 3 of 5 hearts from patients aged 18 to 72 years.4' The most severe degree of prolapse occurred in the 18 year old, whose mitral valve histology showed myxomatous change with a pronounced increase in acid mucopolysaccharide material in the leaflets. 42 These pathological studies would potentially have underestimated the frequency of mitral valve prolapse with congenital cardiac abnormalities for they depended on necropsy specimens, and mitral valve prolapse secondary to disturbances of left ventricular dynamics,3' as in secundum atrial septal defect,34 would have been missed.
Association with other cardiac structural abnormalities
Tricuspid valve prolapse coexists fairly frequently with mitral valve prolapse, as shown at necropsy,3 22 on cineangiography,34344 and by M mode34546 and cross sectional echocardiography. 17 47 48 For example, in 61 symptomatic patients with auscultatory signs of mitral valve prolapse and no significant occlusive disease on selective coronary arteriography left ventricular angiography detected prolapse in 52 (84%), and right ventricular angiography showed tricuspid valve prolapse in 32 (5r/o); in nine cases prolapse involved the tricuspid valve alone. Although 21% of a group of 53 patients with mitral valve prolapse had concomitant tricuspid valve prolapse on M mode echocardiography, imaging of the tricuspid valve by this technique is inconsistent and cross sectional echocardiography is more often successful and provides better visualisation of the tricuspid leaflets.'7 48 Thus cross sectional echocardiography showed concomitant tricuspid prolapse in 48% of 64 patients with mitral valve prolapse'7 and in 190/o of 31 patients with mitral valve prolapse.48 Contrast echocardiography is helpful in evaluating tricuspid regurgitation in this situation.'7 47 The general observation has been made that among subjects with tricuspid valve prolapse a more severe form of mitral valve prolapse is prevalent. '7 Although it has been claimed that tricuspid valve prolapse occurs rarely as an isolated lesion,3 careful cross sectional echocardiographic technique has been shown to be capable of demonstrating it in 6% of an assortc: group of 112 subjects without mitral valve prolapse, 48 Aortic valve prolapse was evaluated by cross sectional echocardiography in 50 subjects with mitral valve prolapse and no stigmata of Marfan's syndrome.47 Twelve (24%) subjects had redundant aortic leaflets bulging into the left ventricular outflow tract during diastole, and most of these subjects also had aortic regurgitation. In one subject who underwent mitral and aortic valve replacement for severe heart failure both excised valves showed characteristic myxomatous degeneration. In an earlier study of 112 subjects with mitral valve prolapse successful cross sectional detailed imaging of the aortic valve was achieved in 77 and a prolapse pattern identified in 17 (22%), 16 of whom showed increased echo reflection from aortic leaflet tissue and four of whom had aortic regurgitation.'7 The aortic root measurement on M mode echocardiography was normal in the 60 subjects with mitral valve prolapse without aortic valve prolapse but enlarged in six of the 17 subjects with both aortic valve and mitral valve prolapse. Other evidence of myxomatous involvement of the aortic valve in some cases of mitral valve prolapse has been reported with aortic leaflets thickened or folded on cross sectional echocardiograms, systolic oscillation and multiple leaflet echoes on M mode scans, and confirmation of the myxomatous nature of one aortic valve replaced at operation. 49 5 Of 12 patients with paroxysmal supraventricular tachycardia, three had the LownGanong-Levine syndrome, one the WolffParkinson-White syndrome type A, and eight normal electrocardiograms.54 Six of the eight patients with normal electrocardiograms were, however, shown on electrophysiological study to have atrioventricular bypass tracts. This evidence suggests that supraventricular tachycardia in patients with mitral valve prolapse could often be related to bypass tracts that, if the surface electrocardiogram is normal, will require special electrophysiological studies to enable diagnosis, and the authors felt that there may be a developmental link between the consistently left sided bypass tracts and the mitral valve prolapse.S4 These data from patients with major arrhythmia problems52 54 have to be kept in perspective when dealing with subjects with mitral valve prolapse and little or no symptomatology of this sort. In two British series, without particular selection for problems with tachyarrhythmias, there were no cases of short PR interval of any sort among the study groups of 851" and 18212 subjects with mitral valve prolapse.
Problems of cardiac impulse formation and conduction are also encountered in subjects with mitral valve prolapse.3 31 56 57 Sixty symptomatic patients with mitral valve prolapse underwent electrophysiological study; 49 had documented arrhythmias and 28 had experienced syncope.57 Spontaneous second or third degree atrioventricular block was documented in eight patients, and 10 had chronic bundle branch block. Electrophysiological study showed abnormal sinus node function in eight patients, prolonged HV interval in 10, intra-Hisian delay in nine, and functional bundle branch block in 15 Mitral prolapse associated with other disorders between the thirty fifth and forty second day of fetal development, when the vertebral column and thoracic cage are beginning their chondrification and ossification. Any influence on fetal development at this stage may therefore affect both the mitral valve and bony thorax. 58 In one radiological study in Hong Kong the metacarpal index was also measured, and, somewhat surprisingly, among the study group of 1 15 subjects with mitral valve prolapse almost all with abnormal metacarpal indices had normal chest measurements (ratio of anteroposterior to transverse diameter)62; the reason for this dissociation is obscure, but it does suggest that in respect of aetiology subjects with mitral valve prolapse are likely to be heterogeneous and that a substantial proportion are unlikely to have anything to do with Marfan's syndrome.
Breast development may be impaired in some women with mitral valve prolapse, and the explanation could be similar to that for abnormalities of the bony thorax associated with mitral valve prolapsenamely, that both breast and mitral valve are of mesenchymal origin and undergo simultaneous primordial development.63 In a group of 27 patients with hypomastia referred for elective augmentation mammoplasty, 13 (48%) had mitral valve prolapse on both M mode and cross sectional echocardiograms compared with only two (6%) of 33 controls.63 Conversely, of 28 women selected consecutively from the echocardiographic data base at the same medical centre during the same 14 month period with mitral valve prolapse shown on echocardiography, 17 (61%) had hypomastia; hypomastia was found in eight (24%) of the controls. Whether the explanation for the link between hypomastia and mitral valve prolapse is entirely explicable in terms of embryological and mesenchymal dysplasia is a matter of dispute.64 With a much higher prevalence of mitral valve prolapse among lean persons than among those of above average body weight in the Framingham study9 and with other data indicating a correlation with slim build and below average weight,46' 64 the hypomastia may simply be due to reduced contribution of adipose tissue to breast size. 64 Clinicians should be aware of the increased chance that mitral valve prolapse is present when thoracic skeletal deformities or hypomastia (defined as a breast size -2O0 m163) are present. Familial clustering of cases of mitral valve prolapse does occur,3 [65] [66] [67] In an M mode echocardiographic study of 35 patients with the Marfan syndrome mitral valve prolapse was found in 91%.69 In 50 consecutive patients with the syndrome reported by Pyeritz and McKusick, 24 (48%) had midsystolic clicks with or without late systolic murmurs and 29 (58%) had echocardiographic (probably M mode for most cases, although not specified) evidence of mitral valve prolapse.70 Among 13 patients with typical Marfan's syndrome, fusiform aneurysms of the ascending aorta, and chronic aortic regurgitation studied at necropsy7' mitral valve prolapse was evident in only four, but the mitral annulus was larger than normal in most of the hearts and histological examination of the mitral leaflets showed excessive acid mucopolysaccharide material in all cases. Despite the frequency with which mitral valve prolapse is encountered in those with the Marfan syndrome, and despite some tendency for mitral valve prolapse to be associated with a marfanoid habitus,61 68 the suggestion72 that mitral valve prolapse represents a forme fruste of Marfan's syndrome has now been firmly rejected.3 68 The Ehlers-Danlos syndrome is a group of inherited defects of connective tissue sharing certain physical features such as hypermobile joints, fragile skin, bruising, hernias, and various deformities including pectus excavatum73; there are several reports of its coexistence with mitral valve prolapse.3 [74] [75] [76] [77] In type IV Ehlers-Danlos syndrome a propensity for aortic rupture73 is a striking point of similarity with the Marfan syndrome. In a family with type IV EhlersDanlos syndrome cross sectional echocardiography detected mitral valve prolapse in eight of 10 subjects examined, and when production of type III collagen73 was assessed by use of cultured fibroblasts from skin biopsy specimens it was found to be deficient in all eight echopositive cases and normal in the two cases with normal echocardiograms.77 Abnormal 111, 28 and prompts-speculation that the glycosaminoglycan inffitration and cellular proliferation in the valves are part of a repair process. The microstructural basis for mitral valve prolapse may thus be different in primary mitral valve prolapse compared with the mitral valve prolapse encountered in the inherited disorders of collagen synthesis.
Hypermobility of joints has been found to be more common in 21 subjects with echocardiographically identified primary mitral valve prolapse than in matched controls, but there was no significant difference in skin thickness, skin elasticity, or prevalence of either skeletal deformity or marfanoid habitus between the groups.79 Other investigators'2 have not found this undue joint mobility, but among 182 patients with M mode echocardiograms showing mitral valve prolapse 22 (12%) were noted to have had a herniorrhaphy in the past, perhaps indicative of a tendency for weakness of collagen common to mitral valve and extracardiac tissue.'2 Patients with hypermobile joints attending a rheumatology clinic were found to have auscultatory and M mode echocardiographic evidence of mitral valve prolapse more frequently than control patients with normal joint mobility scores.80 Laxity of joints may be associated with a more widespread abnormality of collagen within the cardiovascular system. This is suggested by the finding of an increased aortic compliance (as measured by a continuous wave Doppler ultrasound technique) in 44 of 72 patients with the hypermobility syndrome,8' some of whom were also shown to have collagen abnormalities on biochemical analysis and electron microscopy of skin biopsy specimens.
The data cited in respect of the Marfan and Ehlers-Danlos syndromes give reasonable grounds for expecting to find mitral valve prolapse in a high proportion of patients with other generalised disorders of connective tissue,3 where structural weakness of mitral leaflets, chordae, and annular tissue would be the cause of the prolapse. This expectation is fulfilled in a study of pseudoxanthoma elasticum, 82 considered separately, however, the prevalence was 16-5%, and this difference is significant. As in the American study9" it made no difference whether the patients were hyperthyroid or had become euthyroid. The prevalence of hyperthyroidism among 64 subjects with mitral valve prolapse was also assessed; in one case the laboratory tests indicated hyperthyroidism, but clinical features of hyperthyroidism were lacking.
The basis for the association between mitral valve prolapse and Graves' disease is a matter of conjecture.9093 It would seem that the valvar prolapse is not attributable to myocardial dysfunction caused by a direct effect of high concentrations of thyroid hormones, and there are no data on the gross morphology or histology of mitral valves from patients with this combination. Proof of a common autoimmune mechanism909394 would probably require immunohistological studies of mitral valve and thyroid tissue. Certain histocompatibility antigens have been reported to be associated with mitral valve prolapse90 93 95 and with Graves' disease,90 93 but the pathophysiological mechanisms by which this might cause the two disorders remain undetermined. Perhaps the best guess that can be made at present is to suppose a defect of genetic coding for control of mitral valve tissue formation, turnover, or subsequent modification at a locus adjacent to one exerting some influence over the control of thyroid function or all three. This could be the basis for some of the other clinical associations636886 and is worthy of further investigation.
Conclusion
There is still much to be learned about mitral valve prolapse,49697 and in clinical practice major issues which remain imperfectly resolved include the pathogenesis and management of accompanying chest pain,498 identification and protection of those subjects at risk of thromboembolic complications4 97 or arrhythmic sudden death,99 100 and prophylaxis against endocarditis.97 101 There is no doubt that anatomical prolapse of mitral leaflets is common, but in only a small proportion of subjects should we consider this to be "abnormal."' '6 In some it will be evanescent. It may be some years before pathological studies on mitral valves from an appreciable number of supposed "normal variant" subjects with mitral valve prolapse can be reported. Improved cross sectional echocardiographic instrumentation and meticulous attention to details of technique will enable mitral leaflet thickness to be determined, as very recently reported by Chandraratna et al, 102 and this may be the key to distinguishing between "nor-359 mal" prolapsing mitral valves and pathological96 forms of mitral valve prolapse. A completely new set of cross sectional echocardiographic surveys of mitral valve prolapse in unselected populations and in subgroups of patients with the various conditions suspected to be associated with mitral valve prolapse will now have to be carried out, and it is to be hoped that the opportunity will be taken, wherever possible, to ascertain the morphology, histology, and histochemistry of the mitral valve and any other features of cardiac pathology. 
